Extracellular signal-regulated kinase-signaling-dependent G2/M arrest and cell death in murine macrophages by cadmium.
Cadmium is a nonessential heavy metal and a well-known persistent environmental pollutant. It causes a variety of toxic effects, including immunotoxicity. The exact mechanism of its cellular effects still is unclear. Cell-cycle regulation is an important factor that modulates cell death; however, cadmium-mediated cell-cycle arrest leading to cell death in murine macrophages has not been investigated. Cadmium at 20 microM induced both apoptotic and necrotic death in murine macrophage (J774A.1) cultures at 24 h. Cadmium at 20 microM triggered re-entry of G0/G1 to the next phase and increased the number of cells in the G2/M phase at 24 h. Phosphorylation of extracellular signal-regulated kinase (ERK) correlated with the cyclin-dependent kinase inhibitor p21WAF1/CIP1 induction. Inhibition of ERK activation by PD98059 resulted in G0/G1 arrest and partially released the cadmium-mediated G2/M arrest. Inhibition of ERK phosphorylation by PD98059 strongly attenuated cadmium-induced necrotic cell death, but did not prevent caspase-3 activation and DNA fragmentation. Necrosis rather than apoptosis was caused by cadmium-induced ERK signaling in J774A.1 cells. A scavenger of reactive oxygen species (ROS), N-acetylcystein, decreased cadmium-induced ERK activation and necrotic cell death, suggesting that cadmium induces the ROS-ERK-p21WAF1/CIP1 signaling pathway, leading to G2/M arrest and cell death. These findings may be important in further understanding the cellular mechanisms of cadmium toxicity to provide information to assess objectively risk for this metal.